Background: The aim of this study was to present and validate a new classification system for the maxillary anterior extraction socket based upon soft and hard tissue parameters.
T he immediate replacement of teeth by implants was proposed >20 years ago. 1 This method of treatment reduces the waiting period between tooth extraction and prosthetic rehabilitation. [2] [3] [4] [5] [6] [7] [8] [9] Because implant survival and success rates are high, the implant's esthetic outcome has become the main focus of interest. [10] [11] [12] Therefore, it is generally agreed that implant success criteria should include an esthetic component. 13 The level of bone support and the soft tissue dimensions around the implantsupported single-tooth restoration are key factors in the final esthetic outcome. 14 Araujo et al. [15] [16] [17] [18] showed that placement of an implant in a fresh extraction site failed to prevent the remodeling that occurred in the walls of the socket. It was suggested that the resorption of the socket walls that occurs following tooth removal must be considered to ensure proper implant placement. 19 Labial plate position, its thickness, and bone loss are important considerations for esthetic implantation and, in many cases, may necessitate hard tissue augmentation. 20, 21 The condition of the peri-implant soft tissue, e.g., tissue level, color, and texture, are other critical determinants for final implant esthetics. [22] [23] [24] Furthermore, the presence of periodontal infection might jeopardize the outcome of immediate implant placement 7, 25, 26 because it interferes with flap manipulation and it is difficult to eradicate infection from the hard tissues. 26, 27 Hence, the accurate evaluation of the extraction socket is crucial and only can be made immediately following tooth extraction. 28 One classification of extraction defects proposed by Caplanis et al. 28 showed some promising features. However, this classification is too general and failed to distinguish concrete assessments that are essential for extraction socket classification, especially in the esthetic zone. Therefore, the aim of this study was to develop and validate a new classification for extraction sockets immediately following tooth removal. This classification system is based upon soft and hard tissue conditions. Also included in this classification system is the proposed treatment recommendation.
MATERIALS AND METHODS

Subject Sample
Twenty-five subjects, 15 men and 10 women (age: 18 to 51 years; mean -SD: 32.4 -9.1 years), who needed dental implants at the Department of Maxillofacial Surgery, University of Kaunas, were enrolled consecutively in the investigation. All participants read and signed an informed consent form. The use of human subjects in this study was reviewed and approved by the Health Science Institutional Review Board of the University of Kaunas. Subjects with severe systemic health problems, e.g., uncontrolled diabetes, immunodeficiency diseases, and heavy smokers (more than 10 cigarettes a day), were excluded from the study. Twenty-five teeth in the frontal maxilla were extracted: 10 central incisors, nine lateral incisors, and six canines. Causes for extraction were root fracture, perforation, peri-apical infection, and untreatable caries. Twenty-five screw-shaped dental implants ‡ were placed accordingly (Table 1) . This study was conducted from April 1, 2004 to December 1, 2006.
Tooth Extraction
After local anesthesia, § teeth were extracted gently, and extreme care was taken to avoid fracture of the socket walls. To achieve this aim, an intrasulcular incision using a 15c blade was made carefully around the extracted maxillary tooth. A palatal approach was used for atraumatic tooth extraction. Sites were degranulated carefully to ensure proper visualization and assessment.
Socket Classification and Assessments
Below is an overview of the proposed extraction socket classification (Table 2 and Fig. 1 ). This classification is derived from soft and hard tissue variables. 1) Soft tissue contour variations: vertical distance between the socket and adjacent teeth's buccal gingival scallop margin. The soft tissue contour closely mimics that of adjacent natural teeth and is critical in achieving a final esthetic restoration. 14, 21 No gap, <2, and ‡2 mm were defined as adequate, compromised, and deficient, respectively. 2) Vertical soft tissue deficiency: vertical distance between the socket and adjacent teeth's buccal mucosa tissues margin; 0, 1 to 2, and >2 mm were used to define vertical height as adequate, compromised, and deficient, respectively. A compromised esthetic result is expected when a 1-to 2-mm vertical deficiency is noted. 9 For defects ‡2 mm, soft tissue augmentation should be considered prior to implant insertion. 21 3) The keratinized gingival (KG) width on the mid-buccal side of the socket: ‡2, 1 to 2, and <1 mm were defined as adequate, compromised, and deficient, respectively. The existing KG helps tight tissue adaptation and provides a connective tissue circumferential fiber system that resists mechanical stress. [29] [30] [31] [32] [33] A mean KG width ‡2 mm was considered to be optimal for an esthetic restoration. 9 4) Mesial and distal papillae appearance using the classification described by Nordland and Tarnow. 34 5) Gingival tissue biotype was characterized by fibrotic gingival thickness as thick ( ‡2.0 mm), moderate ( ‡1.0 to <2.0 mm), or thin (<1.0 mm). 35 6) Soft tissue quality: pink and firm with a normal contour was classified as adequate; a slightly red color and a soft, spongy, and uneven contour was classified as compromised; and red gingiva with a soft edematous and boggy or craterlike appearance was classified as deficient. 7) The height of the alveolar process: the distance between the tip of the extraction socket labial plate and the nasal sinus floor. To facilitate a better implant/crown ratio, the minimal dental implant length in the anterior maxillary region is 10 mm. 36 Hence, the alveolar process height should be ‡10 mm because the recommended apico-coronal position of the dental implant is 2 to 3 mm below the adjacent cementoenamel junction (CEJ). 13, 37 A height for the alveolar process of >8 to £10 mm was defined as compromised, and £8 mm was defined as deficient. 8) Available bone beyond the apex of extraction socket: the distance between the socket apex and the nasal sinus floor. To achieve implant primary stability, available bone beyond the extraction socket margin should be ‡4 mm (or ‡3 mm in a case of compromised bone height). 7, 8 The height of the alveolar process and the available remaining bone were estimated from the orthopantomogram, i taking into consideration the average x-ray magnification of 20%. The evaluation of the radiographs was performed in a linear fashion using a standardized computerized system whereby the measurements were obtained by drawing a line between the tip of the extraction socket labial plate and the nasal sinus floor (the height of the alveolar process) and between the socket apex and the nasal sinus floor (available bone beyond the apex of the extraction socket). 9) Extraction socket labial plate vertical position: the distance between the tip of the extraction socket labial plate and the CEJ of the adjacent teeth. Adequate distance was estimated to be £3 mm. 21 If compromised (>3 to <7 mm), a guided bone regeneration (GBR) procedure often is required. When the distance is ‡7 mm, immediate implant placement is contraindicated because the risk Extraction socket soft and hard tissue assessments and extraction socket types. I, II, and III = assessment scores.
i Cranex-3, Soredex, Finland.
for soft tissue recession is proportional to the distance between the existing bone and soft tissue. The more distant the position of the alveolus to the soft tissues, the greater the risk for gingival recession. 38 10)
Extraction socket facial bone thickness: measured at the 1-, 2-, 3-, 4-, 5-, and 6-mm levels with ridgemapping calipers. To maintain the implant soft tissue profile and to ensure implant esthetics, a minimal labial Subject # Tooth # S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 Thick  I  I   9  7  1  0  2  2  5 5  II  II  II  II  C  C  Thin  Thin  III  III   10  10  0  0  0  0  2 2  I  I  I  I  A  A  Thin  Thin  III  III   11  9  1  1  0  0  2 2  II  II  I  I  C  C  Thick  Thick  II  II   12  10  3  3  1  1  3 3  II  II  II  II  C  D  Thick  Thick  III  III   13  7  0  0  0  0  2 2  I  I  I  I  C  C  Thick  Thick  II  II   14  9  1  0  1  1  4 4  II  II  I  I  C  C Moderate Moderate  II  II   15  11  0  0  0  0  2 2  II  II  II  II  C  C Moderate Moderate  II  II   16  11  3  2  2  2  4 4  II  II  II  II  D  D  Thick  Thick  III  III   17  9  2  2  2  2  5 5  III  III  II  II  C  C  Thin  Thin  III  III   18  6  0  0  0  0  3 3  I  I  I  I  C  D Moderate Thin  II  III   19  7  0  0  0  0  5 5  I  I  I  I  A  A  Thick  Thick  I  I   20  8  2  2  1  1  4 4  II  II  I  II  D  D Moderate Thin  III  III   21  6  0  0  0  0  3 3  II  II  II  II  C  C Moderate Thin  II  II   22  11  1  1  1  1  5 5  II  II  II  II  C  C  Thick  Thick  II  II   23 Cohen's k ----0.83 ES = extraction socket; S1 = surgeon 1; S2 = surgeon 2; A = adequate; C = compromised; D = deficient; -= not applicable; CI = confidence interval. Extraction Socket Hard Tissue Assessments by Surgeons 1 and 2 ES = extraction socket; S1 = surgeon 1; S2 = surgeon 2; A = adequate; C = compromised; D = deficient; -= not applicable; CI = confidence interval.
Classification of Extraction Sockets
plate width of 1 to 2 mm is needed. 20,21 11) Presence of extraction socket bone lesions: this was identified visually using a dental mirror and sounding with the tip of a periodontal probe. Periodontal and traumatic bone lesions often jeopardize the success of immediate implant procedures. 26,27 12) Intradental bone peak height: the distance from the tip of the intradental bone peak to the alveolar crest midline. Distances of 3 to 4, ‡1 to <3, and <1 mm were defined as adequate, compromised, and deficient, respectively. A study 39 demonstrated that the presence or absence of a bone crest influences the appearance of papillae between implants and adjacent teeth. 13) The mesio-distal (M-D) distance between adjacent teeth: distance measured in the M-D direction between two adjacent teeth's CEJ. An M-D distance ‡7 mm was deemed ideal for a regular 4 mmdiameter implant; a minimum of 1.25 to 1.5 mm of clearance is needed between the implant fixture and adjacent teeth for proper osseointegration and safety. 40, 41 In compromised cases, the M-D distance between adjacent teeth should be >5 and <7 mm. 14) Palatal angulation: angle between the extraction socket and neighboring teeth. Adequate extraction socket buccal angulation was characterized as <5°. 41, 42 A compromised extraction socket buccal angulation was defined as 5°to 30°. 43 This was evaluated using a diagnostic wax-up and comparing to neighboring teeth. All extraction socket assessment parameters were graded as adequate, compromised, or deficient by two oral surgeons ( Table 2 ). All linear measurements were recorded to the closest 1 mm with the use of a periodontal probe. ¶ Type I classification means that all extraction socket parameters are in the adequate category. If at least one parameter was graded as compromised, the extraction socket was judged to be compromised or type II. If some parameter was graded as deficient, the extraction socket was judged to be deficient or type III (Table 2) .
Treatment Recommendation Based on the Proposed Classification
If the extraction socket was graded as type I (adequate), immediate implant placement was performed. In type II sockets (compromised), immediate or delayed implantation with simultaneous soft or hard tissue augmentation was suggested. Staged implantation was indicated in type III (deficient) sockets. This should be done after soft and hard tissue augmentation or orthodontic treatment. In the case of a type III socket, alveolar process reconstruction was made with mucco-buccal flap elevation.
All implants were placed in the optimal threedimensional position: apico-coronally, 2 to 3 mm below the adjacent CEJ; 13 bucco-lingually, 3 to 4 mm from the outside buccal flange; 21 and mesio-distally, ‡1.5 mm away from adjacent teeth. 40, 41 The remaining defects/dehiscences noted in type I or II sockets were corrected with deproteinized bovine bone. #44, 45 Soft tissue deficiency was corrected using subepithelial connective tissue grafting.
One hour before surgery, the subjects were given 2 g V-penicillin; postoperatively, 2 g was given twice a day for 7 days. Chlorhexidine 0.2% oral rinses were prescribed twice daily for 2 weeks. The sutures were removed after 10 days. Provisional acrylic crowns were fixed to neighboring teeth.
Esthetic Result Evaluation
Evaluation of the esthetic result and soft tissue assessment were performed by surgeon 1 at the time of prosthesis placement. The evaluation was based on the following soft tissue parameters: soft tissue contour variations, soft tissue vertical deficiency, KG width, mesial and distal papillae appearance, and soft tissue quality. Soft tissue parameters and the esthetic result were evaluated as adequate, compromised, or deficient.
Statistical Analysis
Statistical analyses were performed using a statistical software program.** Weighted Cohen's k was used to calculate interobserver reliability. When assessments were expressed as definite numeral data, the paired t test was applied to analyze differences between measurements recorded by surgeons 1 and 2. MeansSDs were calculated. The Kolmagorov-Smirnov test was applied to test whether the distribution of parameters was normal. The marginal homogeneity test was used to detect if the treatment recommendation, which was made based upon socket classification, influenced esthetic soft tissue parameters.
RESULTS
In the assessment of the soft tissues of extraction sockets (Table 3) , seven (25%) cases were identified as adequate (type I) by both surgeons. Eleven (48%) compromised extraction sockets (type II) were identified by surgeon 1, and 10 (44%) were identified by surgeon 2; deficient extraction sockets (type III) were identified in seven (24%) and eight (28%) cases, respectively. The biggest differences in interobserver agreement and weighted Cohen's k were found with regard to soft tissue contour (84.0% and 0.73), followed by soft tissue quality and gingival biotype evaluation (88.0% and 0.80). Despite the differences, the interobserver agreement was 96% and the weighted Cohen's k was 0.94 for soft tissue evaluation.
The hard tissue assessment (Table 4 ) revealed a trend similar to the soft tissue evaluation. Type I extraction sockets were identified in six cases by both surgeons (Table 4) . Seventeen sockets were classified as type II by surgeon 1, and 15 were identified by surgeon 2; two and four type III sockets were identified by surgeons 1 and 2, respectively. The biggest differences in hard tissue assessment were found in extraction socket facial bone thickness; the Student t test for paired samples was 0.02 -0.10 (Table 4) . For hard tissue evaluation, the interobserver agreement was 92%, and the weighted Cohen's k was 0.85. The overall interobserver agreement and weighted Cohen's k were 96% and 0.94, respectively, for extraction socket classification. Only in one (4%) case (subject 18) did the observers' opinions about the extraction socket type diverge (Table 4) .
Five type I extraction sockets were treated using immediate implantation. In two cases, dehiscences >2 mm were filled with bone grafts. For two type II sockets (subjects 14 and 24), immediate implantation was performed in conjunction with GBR and subepithelial connective tissue grafting. Nine type II sockets with compromised soft tissues or bone lesions were treated using delayed implantation with GBR and subepithelial connective tissue grafting. Nine type III sockets were judged to have deficient soft and hard tissues; hence, a staged approach was adopted. In these cases, soft and hard tissues were augmented first, and implants were placed after 5 to 6 months. Table 5 shows the esthetic soft tissue assessment at the time of prosthesis placement by surgeon 1. No deficient soft tissues were identified. Also, 80% of the sockets were graded as type I.
DISCUSSION
To obtain an optimal esthetic result when placing an implant directly into a fresh extraction site, it is essential to maintain the soft tissue surrounding the tooth. Caplanis et al. 28 proposed a classification to address this issue; however, it fell short in distinguishing several assessments such as KG width, soft tissue contour variations, soft tissue quality parameters, implant palatal angulation, height of the alveolar process, and available bone beyond the apex of the extraction socket. Hence, it was our goal to propose a classification to overcome some of the deficiencies noted in the previously published classification systems, especially in the esthetic zone.
The classification we developed was based on soft tissue conditions (soft tissue quantity and quality and gingival tissue biotype) as well as on hard tissue parameters (height of alveolar process, available bone beyond the apex of the extraction socket, extraction socket labial plate vertical position, extraction socket facial bone thickness, presence of socket bone lesions, intradental bone peak height, M-D distance between adjacent teeth, and the need for palatal angulation) ( Table 2 ). All of these items are critical in achieving optimum implant esthetics. 22 Certain treatment approaches were recommended for each category of socket. For example, in the adequate category, an immediate implant placement is indicated, and a good esthetic outcome often can be anticipated.
Sites with compromised soft and hard tissue conditions can be corrected successfully using soft tissue grafting procedures and GBR. 21, [44] [45] [46] [47] When there is a soft tissue deficiency, soft tissue graftings, such as subepithelial connective tissue grafting, should be attempted to augment tissue height and thickness so the esthetic results can be enhanced. 46, 48 It also is suggested that ‡2 mm dehiscence bony defects be corrected with GBR. 44, 45 With deficient soft and hard tissues, it always is preferable to wait until the socket is healed with adequate soft tissue support prior to implant placement. Patients also should be aware that the chance of achieving an esthetic outcome often is compromised if there is a deficient osseous architecture. 9 The results of this study showed that the socket classification based upon soft and hard tissue evaluation is a valid and helpful tool to guide clinicians to achieve predictable esthetic outcomes, especially in the anterior maxillary region. This is supported by the 96% interobserver agreement and 0.94 weighted Cohen's k in the overall evaluation of the extraction sockets. It seems that it was most difficult to objectively evaluate the extraction socket facial bone thickness and other hard tissue parameters. Despite this, the strength of agreement was good (high weighted Cohen's k was found).
The evaluation of the esthetic result at the time of prosthesis insertion confirmed that the treatment approach recommended based upon this classification is reliable because 80% of cases following the suggested protocol achieved type I grade esthetic outcomes. Nonetheless, future studies that include a larger sample size with a longer follow-up period are needed to validate the initial results obtained in this study.
CONCLUSION
The classification proposed here based on extraction socket soft and hard tissues is an objective and helpful tool for socket assessment as well as for planning for future esthetic implant treatment.
